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0 3 Jic ^ W ear ) WijLio yjj - *• u , ,, [ y±> ^ ^ n li jifLyyij ^ ‘a-nJ SjjjSlij 

<CLa clid ; llaaj ‘UlLiaV I Cj'x. 1 ll ,^\l l _± jV ^ill ^Jjo. ^ a~ l l 1 _1A ^ V 1 . ■ I 5 1 4 j 41 a -__l) 

4 . '->ie ■ ai 4 ~j'ji-g d j 
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J^-=Uc. Loj -LL^lLJl aiA -IJ-liJl A_L^lj Lo °/o60 Wr 3 l -^A_>A' *~^Ll ^Xj jJ y'~ — ^ -j' 1 '-I _-4' (_>-• Ajjfc 

Vl a 'i..u- I L. J U^kJ l ,-] aJS-UI j\ ^L'il , 



j^aLoc ^La a LAl ' I ooa ^ jujiaJl 4jj-oj Lo 0.5% W 3 ujijSJl “L^ l>° a ^~ * 

H *i l *j A_lallal l 0.I3J aK,U 1 jljJaVl . V 1 ) 1 1 11 ^-°J o3 $A A K. ■ ’ii a M 



AalJl 



Jr 



lUc Loj 




Aia^Jl a j* Cjj ?^ ' L- %40 ^ i> 

V ' q"m, .'l l -o j A_Li.iiajl o-L}J AlfLoi-oil jljJoilj 



aLjLUI 0 5a »- 1.5% ApA ujp_^' ^ 

f^. ; -.-.i -J A_UiJl 0 ^J ^fLAJl J> >VI ^ . l*Wi Uj 'AlaliJl AiSJLJi A^i\ 




,/ 



o 
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t 



ol - -i.i.c-uJI i jl t ... f . J . . . 

- F(\\C f (t I (( j< -\j>v /•> i c | (( 

-ilixlaJI olua ^jJa "i i V \ a m II 9 . -.-m-i uUiii j'jl U 1 1 >. ^LlJLj 

Lai dJJj 9 K alaJLal 9 Q ai -a ii 111 j-i - j ii I 1 Q II jgjLlo Lg .lx.. -1 )g 



J>fl Q 



£ 



0.008% 






K 

3 



0 57-0008 = 0 562 

fer cem2 os 

67l ~ 0.562 ~~ 6.662 
fer = 91.5% 



6 67*0.57 = o 1 



6 679 



cem = 8. 5% •• l-iU^jl. 

: (jii I a * 3 * *< 7 5 0 «> SjIjjsJI aaj j Ajuc jl jLQ il t-i Lma. 1 

P ft ft ft ft 

^ihi jl^La^l tlLG t-j-uii i_jI i n *\ I a i “mm' 1119I + Cu j_oJI LaJI (jja ‘A I j a II o'aja jlg-Lal jl o}Lcl t-it-a \ a I Li ^-LalgJI j-a 

9 iLLL/Li Sjl^-a. ILajJ (>c jj_a-aJI (jJLiaijl hMI gjj (j la..La-ll gJaLiiJ ^ ' I ’La -a-l 1 j_i_. a I V g Jl jg-jLa 
> j ?r» I a i j9-19-S.il J3 ^ 0 (jJ c La a ui '1 1 a 9 .. -'a j9-jji.ll 1 1 m '1 1— il ma J 9 y 9 2 jliiaai-JI (j S * > J 
I « 1 ma L4-1lx.ua ali x jl LaJLc a IV gJI jgJil-fl j 1 . L~> V 1 9 o}Lcl J S m II— 1 




0 . 02 % 0.57-0.02-0.55 0.6 0.57=003 0 . 6 % 

fer oils /. — A 1 

— q a% 



0.03 0.55 0.58 

ous = 0. 9483 = 94. 83% = ^ 

fer = 0.0517 = 5.17% 

100 %^$)-^. > ". ■ ’ ■ j^i I 9 Lj-ijAJI i _ 1 1 1 1 ~ i g- 9 a a jl 




wwui ii wjr 



>-/wi 



WUUI I I I W 



/ $ c r$/r 




0 . 4 % 



fer per 1 

0.4 ~ 0.375 ~ 0.775 

: (j I a rs. j i iLlliaJLj 




0 . 4 % 



fer = 0. 51 = 51% per = 0.49 = 49% 



:,jJL La gfii 

f .. ••• .. . . .... * * .. 

^1 l I^ juvj-lJI -j- illjjJdl LL1 J yjJi ^1 LxLlau-3 Lj_j aJ t-hg^AL-oJI ^yA 

'■^ 9 -“ = Fe 3 c + a + a <J = Fe 3 c + a 

: <1 In I l.liJI 0X23 (_Ja L j j j ' i -S-i u 1 1 g tl'j.j j a \\ L.JLU j i it JU (j^jl I I I I (- i^JLULi 

K^I-LLol 9 Q j_j_jLb.j3.jJ I j_i__ i iiiliLaJI jg_jLs 0 i h j ; , LyS JJJ’jg 



cc cem 1 
6.27 0 392 “ 0662 
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I 



« ‘Jill 



• j — A 1^1 > | 1 j 



i ijLi Uj 760 * ojlj-aJI Aaja Alt. jls-VaSil LiUtuU 



j i In ') jlg-La^l 



e- m *■. , i t • 

jj.ii II LaJI ^.aa A ! -v j-aJ 1 3 A_£a jI^JlaI ^>U:I 1 a ! v a aJ Lj 




. m # t- % t .... 

(jSU 9 <iV j Lj Djlj_a. (j-^ j / o- o 1 1 1 n \ 1 1 gas ^ i a i a J I g-LaLlLj ^jLLiJLj ^j_i_j all o il 

d 3 Lc! J *s jit 1 1 ^Ja Lq_S j j9_j> 5JI jg ^ a (^-Lc La a uli 1 a ^ j-Q l-i m *< l_j 1 iu aJ 9 y 9 z (jl * < ‘ a 1 Jl 



0.38 0.48 



fer = 20.83% 



oils = 79. 16% ji ^ L-iLmjiJLi 

: 3 aJLua-II 



:ujlWl a XI. 4 aj-fl Q9-jjXil a 1 in i (j jlj 9-LS_j 9-j I *A^9_aJI a in » 1 S. 

a ia 1 1 -\J I al-fla ^Ja jljaaJI a 1 m '1 Lq 

1 ^1 tiii Lq 9 a i S 1 1 j 1 a Jl a x j j J I jjajLi_c: Lq 

.... .*. A 

L^_j-_uj_j Lq 9 all 1 1 a J I qa_^J a 1 ^ 1V1 a 1 1 jl q t-n^j I ^jia Lq 



Fe + C = 100% IaJJj jg_ijill 9 A-jajJI j_o <ij 9 A_a al a -il M I jl 
Fe = 98.6% jp> c = 1.4% j 1 3 



.li. i .J I ^uLj-c Lai 



..HI L r 1 



I J j - , 1 w ; . I 
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*~] (A 



X -i 




per 



> — Uj_D Q 

■Ql 



0 008% 



(j-f-iLa | c 






__ sem 2 i 
0,66 0 6 126 



5em 2 - 47 . 6 % per = 52 . 4% ji ul^jl 

1$ K ' 0 I 9 Q OtW ^ J V r> II (jgJjLlo jih’i ~i I 5 in 0 I I jlgja}|l ■ i l mi ^ I 



/er 



sern 2 



5 -27 1.392 6.662 




sem 2 = 20.89% ^ uUujl 

/er = 79.11% 

:4 a-ILiua.ll 



1.4-0 008 = 1.392 



77 



6 67 1 4=5 27% 



4.UJ K 

3 



6 67% 



1 4% 



oJ-24 j_kaLj_c La 
Lfl 1 in ' 1 La 9 H ■ 1 1 

o-jonj| a < m'l ^ La 
La g aln 1 I \ II n 't n 
!L_uO, 

L ^“ 1 - 1 U 9 ^. ‘ . 1 ^ 1 a'-xjj alia'liall jl^LOjl ^ La 

:J4JI 



per - 100 % - 6-0 o^^ig ( iiwii ^ <» Z 8 -J ^ 9 ^Ji %■. mouji ^ :l^ji ^ ji 

(iiiLa j-i) m i <? II (j-j-o-TQ 09- 1 - J 4 i . 1 . ‘ II oojd o* J !) CGTTL ~ 92% 



JI (jl S di n n I J I gE j o . Y i n a i II j_i_j ILl j'g JI jgLLa ^ ■ U '. A U , l L l i 



0-54 , _0 XjOloJI li i i ■ ■ *i wjL 
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fer sem 2 1 
5.77 “ 0.892 “ 6 . 662 

sem 2 - 13 . 38 % fer = 86. 61 %: ^ ^l^ju 





0 9% 
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- J 



.j-vJl ^3'3-n .jU^S) 



4 ^-'ijoJi t> s^i £* ;jj ^ >Lu j 

jLiul -u^L ^C-U , 1 a j jbuVl UiMii ^ 4 ^ 2 _ cO L^n 3 ^ ^ 4 =li^ 




JJ 



' 1 1 -J-3-jJl (_--!> j ( llj-LaJI j JjjiLJI LyjJI 4-1 ."„ 1 jl J-aJlo -. IJ.U 1 1 1)-A J‘ W 

:1^ 11 I 11 I I J_-V '• i iii H OJ-3-jjl «_lU>jl J-^lj J^-OJU .i_!_U>-^JI ^ ‘ * “ ' 

. I *" mlj, L^lUb J CjIj jJl l-a 1J-Z- (_4^ ' (' 

U^LkJI 1-fl jJiLai! (Jj=L=n ijjjlJ! 4-4^ (1^ t^jLo^oJ .j-s'Ucj-ljI .y==*-c*> (<_1 

• *-} -J- 3 - ' 

. , . t i J I kil l !_}ljua-lJ A_w 1 1 ;1L| l.j.<i a>l LlLi-Jl l-a 5 ^-ll==i i-JLL* 

iojla jl>.J 0 _L_. (90% />* ji=i) >U^'j 

(l-'juk •l-L'-i (_J^ o(^ 1 %^ J-'L'-U 4- u*4 * ~~~ ^ 4 ^ pUi-U* 
. (BCC) p-i_u->Jl t_cjj=3j-o (^ ^ 0 i\Ji_JI (' 



. (FCC) ^ 41 ,j 3 ^=j^ pUki-M (^ 

^ 2 \x 1 ., 1>,„H a 1 ’All I ^4-oua P J = 3 - 3!LJ J3-^% 1^ J4* cr 1 ^' J - L ^-'' 

.(HCP) 
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([!(() 



t .iU.I! 1 l I 




BCC. Jl .L, cjI^_£=JI i i oljjJI I <^11 - 1(6-1) il 

.13 CC' (Jl IL. olj jJ I i U ■ .. j l, I (J ^—» 1 1 - i ' 



SjUi iuliJI j1aJ=laL (Body Centered Cubic) h\^L< J y\ ^ j\u aLCoJI I^J BCC ^Jl 
.-Ji^-Jill ( 16-1) (J ~~ i .<uL=_)i y-a yi=3j (J— > 4r “j-j y ~~ i -=C *jl> d - J - - < — j ,'x 
C ‘.ia 1 ,I J I .. .1 1 (i_j6-l) d±=3_jJI La£= 3 ij^T-all ; | dlljjjl A_J JjU ,__Ia2j»JI 



ri 



f 



BCC , UioCjdl 



>_^Ca_l!C Aj^^Jlj _u_v_-kJ! Ji/> C l -'-•"> !, L>1>C»JI y^> ;_ul . ; H ; v 



(4 ^ 






a La^ t ~ ■ Ln ^ \ < n 



J Lois 






^JU!j [/J 



A 4 . ■ ■ t . l J \ J JtxJ l ( ^ 



L^iur - ii j -— lL^kJ 1 jU_.l Cj\j -Js^LjlH ( 7 - 
“ ’ Cl 

• S>J IxJ • * L> Jj V I ( J 
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A! 



-,l 



■> 5 _U 



L.L^j |\ 



1 4-. I , 



LyOj-^uIDI jJjJ| 1 _ 1 _4 _ | 



J Hill 



4-4jjd! 



U 



U . .~L_oS' 



1 ^ . Ji » ; 



■<j r i»^LI)l jjuJI 






M L_F==^ ^IjIjjJ! ?«-^c--v jUa 



^.ojj/J! ^Ui ji (|6-1)J 
• "-tH Li J-i> Lli , . i* ■ ■ -. 



' v-V* 



_'JL*JI 






■L. (16-1) 



^I^CjIjLIJl^LlAJ! jjuJI 2-1-4- 1 

^ s> J^-b Cj! jjJI jjic. jj, LliJl 2_ olj.jl! ^JuLJ 1 jjuJI 

• 1/8 ol^jV! cjljjj . UHJI ,Ji-b L^l^. 

l+8xl/8 = BCC Jt '4.o!_0dJ JlHJI jijuJ! 



ijLJI j <_J_>J| jLui (j^_) i^iLJI 3 — 1 — 4 — 1 

Lattice ) 4^.:.!l jLp-S'l H ^ j -. .>^U Hi n^j! jHL Hi ' .-:-, , 

s j jJ 1 j (a) HJd Jj-L ji HjsjJs Ijl ,iJ3>UJI 7^>_j-i (7-1) .:. (Constant 

.A 

r 



f 3 a = 4 R 



a = 4/V3R 



^VjJljJ 1 cj3 



■ ; .j l » _a->. ->,! (um) ^jUi 0.124 w.vjw.v^J! cjj i a. »..o * «ji — » *. <JLi_a 



a= 4/^3 x 0.124 



0.2864 am -. 
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A~r 

apf 

FFF 



< / • i 



Atomic Packing Factor ijdJ.-oVi AUJb , 



( \pi ) .^jn ,*u cvi J.-'. -- 4 i II 

.J_" a.v Jjl - J.-Jt . vv : , T . 

(AIM ) 




A1 






BCC (Jl A_ 3_)jJI t jinij t-U-iJl ^Lui l)-l) (7-1) . J -- — ' c.i 

9xJl jjjJI X jJJ-JLj CL'Ij.di L . U .v ' jjuJI *■ ^jjji 

. BCC Jl 4_ K J.j J J I i L^. _ij V j 1 J^s \_JUQ 1 : J li>a 



i-dJ/i? 
" \ ' . 



n y iLjr R 9 X — Yy ^ 

^ ' 3 ' ^ 1 Z A J APF = 2 x 4/3 7t R 3 



Cl 

, o< <rg 




(4/VR) 

4/3 n R 3 = ;jjJI j<v^ ji c_o^ 

(4/\ ; 3 R) 3 = Ldi-J! ^ 

APF = 0.68 

FCC 1 1 2-4-1 

,yz. jj.Lc LJiJi jl* J^aui (Face Centered Cubic) ^ l aL .AfcU! !\J FCC j^jl 



( i 8-1) b 



iJ . 4_>L") * I 



>5 \A J 4-x 4 1 ’ ^ 4_%. j l — ' v- — » v a ) A_} i *. < ' o 
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FCC Jl A cj! jJI Lr^^- 1 ' ~ »^ " ’ (8 -D l 1 ± = 3 -‘-" 

.FCC JIlL^IjillyjjSl J— -U V 



-jsjJlj ^UJ!_} -j-xiVl Ju oj^jJI w^ 1 i>» ' j-* V O jUj1 ^ 

,^Lu .-L-Wjjl Ijjj, j^-. y A 3j jJI jlj ,__jLoSM --'_»! ' jw» ( 18-1) J ^-1 . t ut Llx-isj Ijl uC-’^-^Jx- 

. J_xaLa*2l jlfrrajSli A- J £-Jjl ( 

ixliJ! jxVi A— CMjJI <U*-jS(l y==\ y A. £-j_> 1 ('-r ! 

\^«C1 ixii-Jl A- ;_C I ixxiL»S?l y=,\y A_ jjji (,r 

. ; jL^jSh oi ;j ji ju-O ( 18-1) (_L£=-A ,> ^ IA1 _jj> j-U-Jl jV* ’„- JCJL ’ 

.1/2 A J — -■ Lxxuj m_-w j'/ ! y=^\ y 1/8 Ui-A 

1 j 8 x 8 + 6 x 1/2 = oIjjlIJ ,Jboi)l 
4 = 

:(1-<UJI jl»->i) : , .-.U ,- . ,i~, i 3j j_!t jJAs i . '- . ->' ) ^ -Is'UJl ji _u>o (9-1) J — ■ . ' . j-» 

v'2 a = 4 R 
a = 4/\'2 r 
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.i 




FCC Jl JL Sj jJI j-Ul i. jj^jj i-JAJI jLui (9- 1 ) 



FCC ijiicJLl : (JiJLn 



(4/V2 R) = 
4/3 7T R 3 = 



j.uJ! 

jO-KO*- 

.'jjJI r. - 



=^r*4/3 7i Rj_ - 0.74 



APF 
(4/V2 R) 3 

[jU ? ~rf (HCP) ^jjJl ^LuHi r U^Ji 3-4-1 

(Hexagonal Close-Packed) ^ AU;!1 ij^j (HCP) j^l 1 , 



; ' J J « 4_L>- I . 

y O 



jMj } * 4_jl — i \l ,* v>^ •' ^ > . 1 ^ 3 A_ 3 - 



.4_oJ_cLS . 



i -i>! y v=J l Jj=n-ii ( vh 10-1) i « cHjjJI i- l-i nu ll J£=iAJ! ( i 10-i ) 



I ) jJ 1 A-_)J 7~Lf. .-, 1 1 
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-HCP JI . U ... i i t -l (10-1) J j— > .r« 

OaJjJI yjjl) Ji=>-uiJ| ~'<- r k 



; UJI) , • ! J 1 1 JiLa 4J-* <_u^3 ji jJI ye j-j-Ll! I IvA Sj^i dJL-i. 

,j» j. i'l j e j-Ua — r vj O 1 j cJL) j— — 1 1 Ij j» <f ‘ i .. if U'j 



iUHU JJUJI jj-JujAI ^-^>- 






£_ .(C) rUjVl J (a) Sj^Lin L<utj UI2JJ ( 110-1) J^i 4- Uj=> : 

J jk LaiilLn U’iMj LajJ> k < „jjl 4 - C-Olj £~a kUiLU! jk=> JJ 1 4 - 1 Sjllill OUJI 

^j-yl * r Lkjl (ji LkLj (y ( C/2 ) jjJlIII C-kjl <-a.uaJ I J-A jrli3jl j_^=^ (a) 

: 4_Lj j ,0.8165a j-A a ^-ilk Jjk t_c jJl f< k~ u.l.l kilidl 

C/2 = 0.8165a 

c: = 1.633 a 



2.6 a 2 u _a a <ulk Jk jjJI ,^klU! Ji 



- Ll_U3 JI LcAJ I lajusl_)j Jwrt 



•Ji 



a_i_n jlI, 1 






, vl «— ilo i ■ ■■ > 4 JL« a 
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.-LUj'i'l x • L.- * -wl. . * . ;U 

1.633a \ 2.0a 2 — 

4.24 a’ = 

^ ^ j ) *■ "' *■ c * J j _Lc. Lcj 1 i jo, jd_. ^Xjl ojjJJ CjljJiJl . J j~~ * 0^ (' ) !_j ' — * ijJ 

: , JllJl_r=r> 

« i / -r\~. lj* JIjIj jJI •-l.’v'Lj ( * 

-c w \-cLcJ^ < _ j-‘ ~ * 1 ^ j * J Ux-a->JI 1 JLi'jjJI C~ i.u («._j 
I JJaJI ^Ls jjJLJL j L^ici iyB jjAill.1 1 jyj JjL>dl JJa^UU ■-l-lw.j sL. iIiMj (?: 



.O'* 1 -* 1 -' ~ *— i^rOj-^-LiJl j*- ' ,l^a cL_ 1/6 J ~ 2ul I , JLZlILjj Cj I j j t*~.i \ a aILlu L4jj2 

4 - jL^=jVl oljij jj-llLI u U!j^ JU_^JI 2 . ol/j cAlASI 0 i _u >3 (^ 10 - 1 ) JA=aJJI 

: ^\L3 (jJLJL J 1/2 l.ji^a 21 y~^-* m 3 ^.Jlljlj j -+ Lt-^-a 



3+ 12x1/6 +2x1/2 = olj31i ^0x21! j.uJI 

6 = 



• O'* { < 1 “ j" l I n ' ^ji ^-a ta I . ...I (l ,10-1) ■'J ---a 2. tl ^ 

a =2 R 

.oJlil! --JUJ1 2. HCP 31 j Jl aUjjll : jlLa 

4.24a' — »_ij"lLI.! jJL>J! 3_ oUsJl • L 1=>2I 

6 = AJ^JI 2 . oijjdl jjjdl 

APF = 6 x 4/3 7T R 3 

'T14 x (2R) 3 

= 0.74 



2 jj>U 1 I GLfxdtj uL^uUl 5-1 

•:^J) ;_ 3 = 3 >J! u 4 jj 3 J 1 i-.j^LJI .aljl! J ^.1 y>. jLp-Vl .^.o 2 _ 

.u21l ^ Alii -sl>ll Jj-s, ^ ;>L*UI _l 2 Alii dll ULI j .(djA-LJj Sj^J) ;^-,,„n J (jijJoVl 

<^2jjJ <y^oj Alula y 2“ai ,i_3joo ojjL oLalx^ j .-. \. 3r _- L „ .l,^ 






!jiJ 2^ ^AJ-' j— =>■ j - : J_>J| J>L2 ^ oj^: - : _ij 3_J ! 



-=il -U^j! 2 _ ; J>: 
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--L .-3 



■i-JLx-uJI La j S' l 



1 - 5-1 

1 J V ia .i-'v, 

i ■ 7 . • ,. _ 1 ' - J ^- 1 _^j..‘ =a .p u ;l! j . 1 1 | 

- V — <A~->| gJJ ]5 'I - . - I . , 

- 1 l-’T-j (> su^ 1 j >^=~>' » _U I’l ; u V, 




,^^*^ 1 ! r iikiii a,. jjUdi 4 j^,vi iki (i i-u 



^-ii->- (^-o vJL) l I a* 1 - 1 - 1 

■ * u 1 .V- /j-a *- 1 ^- r I J ._ 1 H “. 1 1 . ~ \ 1 ^ Irk 1 f ‘ ‘ ' 

CjI — ^L> oL> ie lilv ’j I *~-A 4__^!i_ll l_^_) j . — CJ .J l_“D ji V- * («■> .- • j \ _i~. - w 1 <•". i ( I 

( 11 - 1 ) ‘ 4 . Uf^ J jUM 

( H ) 1 ,*JLus J ^aJo -Li *i* _Li jj L*J I -»_j ^JLc l Jts l " ■ .. I _\_'v ( , J 

--J "Jj J~ JL-x-3 V L^Jljls-V eJj.7 i A J-^Lu , .1 .*~1 J i (t~il U1 !i . ./Jl a j A t I^oiaj ( 



i-LaLA-i-j^U _> _1_*J ' ji^£> l» [TJV~YV] •-xjjj* 1 *j>z. 

;_JLl JoLl^L) 7--JA_uaJ I i_L»Jl Jji) Wj\ ,^-Ll dol a j.^>U 71-Otxaj I 



-o=_«_qJI ,a Li j 1 j *-<-^ ^_j (j 

ijLjJI J-Ji> V ? Xj^rt4 ; JLc 



5J!u» V I ^J x t J (12-1) ^l~za_JL 7vi.‘r cj Z/j 
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oI^aIaAJ JJfejai (12-1) 






: fg_i uj A-JuJt i - 1 1 j id ■> . U £-Aii La sjLc- 

u! jl^V! 4- j^l >-* (11-1) J^Vl sj^jjuyji ^>u< 

V! -. Irtfl i C jAjTi *~A f4 g 1 iiVi CIiLaLsoI Olv-jJJ CjLifcL»v’'S l 

^>a U Li_).A LsLaA Xj>- ^ J-.VI tus^jlal tojl ■ [CVW] y> li| < v 

X ;L>ol ' ~ i. J L 1 C^jL=- l_'J X JjptA i'L>Jl -4- (ft e _Aj>- jJI ) -CjS JL-V_sji 

3 ojL= ! j] \ Ljj'j-' 1 ¥ ; jLi_uA liljAjJi ij^u j_L)Jl>J! -.l-i I~ f ? \ ^ ..S^JLui U = -. ■! i -~ ■ 1\J 
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Types of Metal Defects 

Point defects (zero dimensional) 
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